INTRODUCTION ADZCREASED MAXIMUM B R E A T H I N G
capacity suggests a poor prognosis in patients with chronic pulmonary disease.' .4 reduction in maximum breathing capacity occurs either when the amount of functioning lung tissue is diminished as in fib& or other nstrictive lung diseases, or when diffuse pulmonary obstruction limits the velocity with which air can bc moved as in chronic bronchitis and unphysmna. Both fib& and bronchial obstruction arc reported to occur in patients with pulmonary tuberculosis.'" The purpose of this study is: ( 1 ) to ascertain the fate of patients with tuberculosis who had severely reduced breathing capacity (less than 40 per cent of the predicted value), and ( 2 ) to determine in these patients the inadence and the usual cause of reduction of maximum breathing capacity of this magnitude.
METHODS A review of all the records of pulmonary function tests performed at the Chicago State Tuberculosis Sanitarium during an eight-year period showed 177 patients (10 per cent of the total number tested) had a maximum breathinn camcitv less than 40 per cent of the prLicied nbrmal value. The maximum breathing capacity had been measured as a standard procedure by having the patient breathe as r a p idly and deeply as podble for 15 seconds from a 9 L. spirometer (Collins) from which the carbon dioxide absorber had been m o v e d . The subsequent fate of thae 177 patients was then determined.
To serve as a contml group, 185 patients with an MBC greater than 80 per cent of the predicted normal value were selected from the records. The two groups were comparable in age distribution, and length of time elapsed since the tests had been performed. An attempt was made to contact all 362 patients in person or by mail to obtain data on p m n t occupational status and degree of dyspnea. The death records of the Department of Health of the city of Chicago and state of Illinois were reviewed to obtain mortality data on patients either known to be dead or p m e d to have died. The current status of 88 per cent of each group of patients could bc established.
Since the maximum breathing capacity had not been routinely measured in all patients admitted to the hospital, the true incidence of reductions in maximum breathing capacity could not be estimated from the above data. Therefore, further investigations were required. Vital capacity (VC) and the one-second forced expiratory volume (FEV,) were measured in 196 patients consecutively admitted to the Chicago State Tuberculosis Sanitarium during a six-month period. T h s e tests w m performed with a portable bellows spimmeter (McKesson vitalor) at the bedside of each patient upon admission. The FEV, was multiplied by 38 to obtain an estimated maximum breathing capacity 22 Y~G,' ;~? I REDUCED MAXIMUM BReATHNG CAPACITY N TUBERCULOSIS 23 (MBC) .' At the time of admiion, each patient was interviewed to obtain a history of previous respiratory infections, past episodes of tuberculosis, smoking habits, and occupational exposure to various types of dust.
In order to eliminate the effects of malnutrition, poor cooperation, toxicity, and lack of familiarity with the tests (all of which were frequently present on admission), vital capacity and madmum breathing capacity were also measured in all patients still hospitalized after three months of treatment. For these studies the patient breathed from a 9 L. spirometer as pre- Figure 1 shows that only 47 per cent of the 177 patients with a reduced maximum breathing capacity were alive at the end of five yean following the first detection of their low MBC. Seventy-five per cent of the 185 patients with normal maximum breathing capacity were alive at the end of the same period of time. The data shown in Figure 1 was calculated by the life-table method described by Hill."
As shown in Table 1 , the mortality in patients with a sevedy reduced MBC (less than 40 per cent of the predicted normal value) was almost three tima greater than in patients with a normal MBC. The pmbab'ity of this occurring by chance alone was less than .001 as estimated by the chi square test. The mortality of patients with far advanced tuberculosis and normal MBC was only half as great as that in patients with minimal tuberculosis and low MBC. A review of the death certscates of the patients in both groups showed that emphysema was listed as either a primary or secondary factor in 22 per cent of the deaths in the low MBC group. In contrast, neither emphysema nor cor pulmonale was listed as a factor in any of the deaths of patients with a normal MBC. Lung fibrosis was listed as a cause of death in only one patient with a low MBC. Table 2 shows that the incidence of d r~p nea was almost twice as great in the p u p with a low MBC as in the p u p with a normal MBC ( p value is less than ,001 by chi square test) and that in twice as many patients in the former group dyspnea was sufficiently severe to prevent employment at the time of the survey ( p value is l m than .01 by chi square test).
DISCHARGED PATIENTS STILL UNDER OBSERVATION

T H E INCIDENCE AND CAUSE OF REDUCTIONS OF MAXIMUM BREATHING CAPACITY M
HOSPITALI~ED P w~e m s Prior to treatment, 15 per cent of the 196 patients consecutively admitted during a six-month period had an estimated MBC less than 40 per cent of the predicted normal, while only half as many had a vital capacity less than 40 per cent of the predicted normal. In addition, 70 per cent of these patients had an air velocity index less than 1.0. These findings show that the reduction in MBC in many of these patients was disproportionate to the decrease in vital capacity, and suggests the prexnce of obstructive lung disease. Nine per cent of the total number of patients had radiographic changes characteristic of pulmcnary emphysema. Figure 2 shows graphically the results of the lung function tests on 143 patients at the end of t h e months of treatment. It can be seen that the AVI was I e s than 1.0 in 80 per cent of the patients. Evidence of severe pulmonary obstruction (AVI less than 0.6) occurred in 17 per cent of these patients. Thirty-seven per cent of the patients had an MBC in the normal range (greater than 80 per cent of the predicted normal). Siteen ( 1 1 per cent) had an MBC less than 40 per cent of the predicted normal value. All 16 also had an air velocity index less than 1.0 and in 12 patients. the air velocity index was less than 0.6. Table 3 shows the p d o u s history of the 143 patients and the results of their pulmonary function tsts as related to the extent of tuberculosis. The average age of the patients tested was the same in each category of tuberculosis (based on radiographic extent) ." Heavy cigarette smoking of more than one pack per day, occupational dust exposure, and previous episodes of tuberculosis occurred with approximately the same frequency in all three groups, i.e., minimal, moderately advanced, and far advanced cam. Shortness of breath (dyspnea after walking ten blocks at a normal pace) and past history of pneumonia occurred most often in the 94 patients with far advanced tuberculosis. .4s estimated by the chi square test, a reduced maximum breathing capacity and air velocity index occumd more often in the patients with far advanced tuberculosis than would be expected by chance alone (p<.05) ,An MBC less than 40 per cent of the predcted normal occumd in 14 per cent of the patients with far advanced tuberculosis, in 6 per cent of those with moderately advanced d i s e a s e , and in none of those with minimal tuberculosis. All but four of the patients with an MBC this low had had active pulmonary tuberculceis previously and none had had dyspnea prior to the onset of their tuberculosis. Twentytwo per cent of the patients with far advanced tuberculosis had an air velocity index less than 0.6. T h i s occurred in only 10 per cent of the patients with minimal tuberculosis and 2 per cent of those with moderately advanced tuberculosis. Table 3 show that a decreased maximum breathing capacity is most frequent when tuberculosis is far advanced. Momver, they suggest that far advanced tuberculosis and a d u c e d MBC is often associated with evidence of obstructive lung disease. DISCUSSION The results of this investigation show that mortality in patients with a low maximum breathing capacity is greater than in those with a normal maximum breathing capacity, regartiles of the original extent of the tuberculosis. Shortneer of breath is far more common when the MBC is low and persists after the tuberculosis lxcomcs inactive. Full time employment is uncommon when the MBC is markedly reduced (less than 40 per cent of the predicted normal value). Reduction in the MBC of this degree can be detected in at least 11 per cent of the patients admitted to a tuberculosis sanitarium and is mast common Lancaster and Tomashefski' reviewed the r e c o d of pulmonary function tests performed on 386 patients who had no history of breathlessness prior to the development of tuberculosis. Fity-one per cent of the patients had functional evidence of obstructive disease, and obstruction was found to be more common in older patients and when tuberculosis had been present for at least one year. They concluded that tuberculosis was a cause of emphysema.
TABLE I -~~O R T A L~V h r e s AS h u n o TO T a E M u r~u w Ba~AmtNo
The d t s given in
AN~O and Tomashefski" studied 26 selected patients with pulmonary tuberculosis. Common findings were increaxd residual volume, increased ratio of residual volume to total lung capacity, and reduced maximum breathing capacity. Obstructive d k s c seemed to be more common in those patients with extensive tuberculosis. Similar mults were obtained by S i p s o n and associates."
Gaensler and Lindgren" observed that 44 per cent of all patients with moderate to far advanced tuberculosis of at least two ycars'duration have a significant degree of obstructive emphysema.
Hallen and Martin' found that 3 per cent of 170 patients with tuberculosis had a diffuse obshuctive pulmonary syndrome. In half of these patients dppnea developed after the onset of tuberculosis. As in the present study, this was found more commonly in those with far advanced disease. No c o d a t i o n could be found between the degree of reduction of the maximal expiratory flow rate and a past medical history of allergy or pneumonia. While pulmonary obstruction was common in miners, correlation with other kinds of dust or fume 
96%
n exposure was not striking. This too, was s u h t i a t e d in the pnsent study. In a later investigation, Martin and Hallat" reported a high incidence of obstructive disease in those patients with tuberculosis who were mcst resistant to treatment.
Katz and Kunofsky" propwd that antimicrobial drugs allowed large numbers of patients with tuberculosis to survive and develop emphyma. He felt that this accounted for a considerable portion of the increase in deaths due to emphysema. A study of death certificates in upstate New York seemed to support this idea
The way in which obsrmctive lung disease occurs in tuberculosis patients is not known. There are several pcssibities: (1) bronchitis caused by tuberculosis leads to diffuse pulmonary obstruction, ( 2 ) in isolated cases of patients treated for tuberculosis." There are reports of the familial occurrence of emphysema.u Also, one study seemed to show a higher incidence of tuberculosis in identical twins than in fraternal k n This was not confirmed by later investigations." Anti-lung antibodies have been reported in tuberculosis as well as in other chronic lung diseases."" Their role in producing obstructive lung disease is uncertain. Gaensler and Lindgren" suggested that emphysema occurring in tuberculosis was secondary to chronic bronchitis. Vargha and Bmckne? found that the onesecond forced expiratory volume was reduced more in patients with tuberculosis who had cavitary disease. He believed that the obstructive lung disorder noted in tuberculosis patients was due to infection of the bronchial system by cavitary secretions.
Regardless of the way in which tuberculosis produces chronic obstructive lung disease, the d t s of thin study show that its p e n c e would be expected to worsen the prognosis of tuberculous patients. Chronic obstructive lung disease seems to be the usual cause of a reduced MBC in patients with tuberculosis, and a reduced MBC in this study was d a t e d with an increased mortality.
Since the incidence of obstructive lung d i i is higher in far advanced cases of pulmonary tuberculosis, and particularly in c a m of repeated reactivations, the importance of bringing the patient's d i s e a s e to a state of lasting inactivity by intensive, prolonged chemotherapy is emphadsed. SUMMARY At least 10 per cent of 143 patients hospitalized with tuberculosis had an MBC less than 40 per cent of the predicted normal value. Reductions of the MBC of this degree were generally associated with severe obstructive disease and far advanced tuberculosis. The fatalitis in 177 patients with an MBC l e s than 40 per cent of normal was three times as great as in 185 patients with a normal MBC. In the abnormally low MBC p u p , mortality was greater in every category of severity of pub* nary tuberculosis than in the normal MBC p u p . The relationship between obstructive lung disease and pulmonary tuberculosis is discussed. The rsults indicate that severe obstructive pulmonary disease in patients with tuberculosis considerably wonens their prognosis. 
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